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Abstrakt: 
 
 &tOHPWpWRGLSORPRYpSUiFHMH, QD]iNODGČQXPHULFNpVLPXODFHVWiYDMtFt
WHFKQRORJLH YêURE\ KOLQtNRYpKR odlitku GUåiNX NODGN\ 9;, analyzovat SĜtþLQ\
Y]QLNX YDG W\SX ]DYDOHQLQ\ D VWXGHQp VSRMH 1iVOHGQêP FtOHP MH Y\SUDFRYDW
QiYUK YDULDQWQtKR ĜHãHQt tvaru odlitku WDN DE\ GRãOR N RGVWUDQČQt ]PtQČQêFK
YDG7RWRYDULDQWQtĜHãHQtEXGHURYQČåRYČĜHQRQXPHULFNRXVLPXODFtÒVSČãQRVW
QDYUåHQêFK]PČQSDNSRVRXGt]NXãHEQtRGOLWtRGOLWNX 
V UiPFL ĜHãHQt SUREOpPX EXGH SURYHGHQD VLPXODFH F\NORYiQt IRUP\ D
QiVOHGQČ SOQČQt RGOLWNX %ČKHP DQDOê]\ SOQČQt GXWLQ\ IRUP\ EXGH URYQČå
UR]HEUiQDSUYQt fi]HSOQČQt WHG\SRK\EStVWX Y WODNRYpNRPRĜH. S ohledem na 
typ vznLNDMtFtFKYDGQHEXGHSURYHGHQDDQDOê]DWXKQXWtRGOLWNX 
 
Abstract: 
 
The object of this diploma thesis is to analyze, persuant to numerical 
simulation of current technology of production aluminous casting roller-reck V9X, 
causes of the rise of cold lap and laminations defects. Consequently, to work up 
a project of variant solution of the shape of casting so, as to come to elimination 
mentioned defects. This variant solving will be tested with numerical simulation 
as well. Fruitfulness of these designed changes will be verified by testing molten 
of the casting. 
In terms of solve the problem the simulation of cycling of the mold and 
subsequently the filling of the casting will be effected. During the analyse of filling 
of the die the first phase of filling will be effected too.It means the movement of 
the piston throught the chambre. Simulation of solidification of the casting wont 
be effected because of the type of the defect. 
 
.OtþRYiVORYD 
 
9\VRNRWODNpOLWt1XPHULFNiVLPXODFH=DYDOHQLQ\6WXGHQêVSRM 
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1 ÒYRG 
 
7HFKQRORJLH WODNRYpKR OLWt Y]QLNOD NYĤOL SRSWiYFH SR WHQNRVWČQQêFK
RGOLWFtFK NWHUp QHO]H Y\URELW Y NRNLOH JUDYLWDþQtP OLWtP NYĤOL U\FKOpPX RGYRGX
WHSOD -HGQi VH YãDN R VORåLWê SURFHV NWHUê PĤåH EêW RYOLYQČQ QHSĜHEHUQêP
PQRåVWYtP YOLYĤ D SDUDPHWUĤ Jen QiYUK D YêYRM QRYp IRUP\ SUR WODNRYp OLWt MH
ILQDQþQČDURYQČåþDVRYČYHOPLQiURþQêSURFHV'QHãQtPRGHUQtVOpYiUQ\YãDN
SRWĜHEXMtU\FKOHUHDJRYDWQDNDåGêSRåDGDYHNVYêFKNOLHQWĤ 
 
'tN\ U\FKOpPX YêYRML YêSRþHWQt WHFKQLN\ QDVWXSXMH QXPHULFNi VLPXODFH
jako QRYê QiVWURM QD SRPRF SĜL QiYUKX D RSWLPDOL]DFL VOpYiUHQVNêFK SURFHVĤ
9êNRQQp SURJUDP\ MVRX Q\Qt VFKRSQp VLPXODFH FHOpKR SURFHVX YH IRUPČ 6
YêYRMHP QiVWURMĤ SUR SRþtWDþRYRX SRGSRUX SURFHVĤ SUREtKDMtFtFK SĜL SOQČQt D
WXKQXWtRGOLWNXY]QLNDMt UR]ViKOpPRåQRVWLRSWLPDOL]DFH MHGQRWOLYêFKWHFKQRORJLt
2E]YOiãWČ YêKRGQp MH MHMt SRXåLWt Y WHFKQRORJLL WODNRYpKR OLWt 3RFKRSHQtP
SURFHVĤ D ]DMLãWČQtP RSWLPiOQtFK VOpYiUHQVNêFK SDUDPHWUĤ MH PRåQR XãHWĜLW
QHPDOpILQDQþQtSURVWĜHGN\>@ 
 
7DWRSUiFHVH]DEêYiDSOLNDFtYêSRþWRYpKRVRIWZDUX3UR&$67SĜLĜHãHQt
YDG\QDRGOLWNXY\UREHQpKRWHFKQRORJLtY\VRNRWODNpKROLWt3RSĜLEOtåHQtVDPRWQp
WHFKQRORJLH D PQRKD MHMtFK DVSHNWĤ D ~VNDOt EXGH XNi]iQR MDN MH VRIZDUH
schopen pomoci s SUREOpPHPY]QLNXYDGD URYQČåEXGHGRNi]iQR MDNêPĤåH
PtWSĜtQRVNH]QDORVWHPNRQVWUXNWpUĤDWHFKQRORJĤYHVOpYiUQČ 
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2 9\VRNRWODNpOLWt 
/LWt SRG Y\VRNêP WODNHP MH MHGQRX ] QHMSRXåtYDQČMãtFK WHFKQRORJLt SUR
YêUREXRGOLWNĤ]HVOLWLQ KOLQtNXDWRSĜHYiåQČVOLWLQV Y\VRNêPREVDKHPNĜHPtNX
V PHQãtDOHQH]DQHGEDWHOQpPtĜHVHSRXåtYiURYQČåSURVOLWLQ\KRĜþtNXVOLWLQQD
Ei]LRORYDFtQX]LQNXDPČGL7\WRVOLWLQ\PDMtPHQãtWDYtFtWHSORWXDGtN\WRPX
QHGRFKi]tN YHONpPXRSRWĜHEHQtIRUP\MDNE\VHPRKORVWiWXVOLWLQåHOH]D 
 
0HWRGD Y\VRNRWODNpKR OLWt PLQLPDOL]XMH UL]LNR SĜHGþDVQpKR WXKQXWt NRYX
v GXWLQČ IRUP\ N QČPXå PĤåH GRFKi]HW SĜL JUDYLWDþQtP OLWt X RGOLWNĤ V malou 
WORXãĢNRX VWČQ 1D UR]GtO RG JUDYLWDþQtKR OLWt GR NRNLO YVWXSXMH NRY GR IRUP\
Y\VRNRX U\FKORVWt 9vs = 40-60 m/s) a k WXKQXWt GRFKi]t ]D SĤVREHQt WODNX
v KRGQRWiFKNROHP0SD7pWRU\FKORVWLGRViKQHNRYY PtVWČYVWXSXNRYXGR
formy neboli v QDĜt]QXWt 7\WRSRGPtQN\XPRåĖXMtSURGXNRYDWRGOLWN\V WORXãĢNRX
VWČQPHQãt QHåPP FRå MH WORXãĢND, NWHUp QHPĤåHEêW MLQRX VOpYiUHQVNRX 
WHFKQRORJLt GRVDåHQR 7YDU RGOLWNX YãDN PXVt Y\KRYRYDW SRåDGDYNĤP QD
RWHYĜHQt IRUP\ RGVWUDQČQt MDGHU SĜtSDGQČ YORåHN D Y\KR]HQt RGOLWNX ] formy. 
0D[LPiOQt PRåQi YHOLNRVW RGOLWNX MH GiQD MHKR KPRWQRVWt D X]DYtUDFt VLORX
WODNRYpKRVWURMHSRWĜHEQRXN XGUåHQt WČVQRVWLPH]LREČPDSRORYLQDPL IRUP\SĜL
SĤVREHQt OLFtKR WODNX 7ODNRYi VtOD MH GiQD SORFKRX RGOLWNX Y URYLQČ NROPp QD
VPČU]DYtUiQtIRUP\ 
 
V SRURYQiQt V RVWDWQtPL NRQYHQþQtPL PHWRGDPL OLWt VH Y\VRNRWODNp OLWt
Y\]QDþXMH SRPČUQČ PDOêP VNORQHP NH Y]QLNX YDG MDNR MVRX VWDåHQLQ\ D
SyURYLWRVW XUþLWpPX SRGtOX Y]GXFKX v NRYX VH YãDN QHO]H Y\KQRXW GtN\
GLVSHU]QtPX]SĤVREXSOQČQt7ODNRYpRGOLWN\VHY GĤVOHGNXWRKRWRMHYXY\]QDþXMt
KRUãtPL PHFKDQLFNêPL YODVWQRVWPL QHå MH GRVDKRYiQR JUDYLWDþQtP QHER
Qt]NRWODNêP OLWtP. 'QHVND Xå MVPH GtN\ PRGHUQt WHFKQRORJLL VFKRSQL Y]GXFK
z GXWLQ\IRUP\GR]QDþQpPtU\RGViWSRPRFtYDNXRYDFtFK]DĜt]HQt7ODNRYêVWURM
VH V\VWpPHP YDNXD MH QD REUi]NX 1. 3RYUFK RGOLWNX MH KODGNê D NYDOLWQt D
SRåDGDYHNQD MHKRRSUDFRYiQtDGRNRQþRYDFtRSHUDFH MHPDOê 'RFKi]tSRX]H
k RGVWUDQČQtYêURQNĤY GČOtFtURYLQČIRUP\DSĜtSDGQČN YUWiQtGČUþLEURXãHQt=D
]PtQNXVWRMURYQČåY\QLNDMtFtGRVDKRYDQiUR]PČURYiSĜHVQRVWRGOLWNĤ  
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Obr. 1 7ODNRYêVWURMVHVWXGHQRXNRPRURX[2] 
2.1 6WURMHSURY\VRNRWODNpOLWt 
+ODYQtPL þiVWPL WODNRYpKR stroje MVRX V\VWpP YVWĜLNRYiQt NRYX V\VWpP
X]DYtUiQt IRUP\ D Ĝt]HQt SRK\EOLYp þiVWL IRUP\ D V\VWpP SUR Y\KR]HQt RGOLWNX
z IRUP\SRXNRQþHQtF\NOX-VRX]QiPLGYD W\S\ MHGQRWHNSURYVWĜHORYiQtNRYX
OLãtFtVHRGVHEHXPtVWČQtP]iVREQtNXWHNXWpKRNRYXDSRXåLWt7ODNRYpVWURMHVH
SRGOHQLFKGČOtQDVWURMHV horkou komorou (hot chamber) a studenou komorou 
(cold chamber). Stroj s horkou NRPRURXXNWHUpKR MHStVWSRQRĜHQY ]iVREQtNX
UR]WDYHQpKRNRYXO]HV YêKRGRXSRXåtWSĜLOLWtslitin s QLåãtWHSORWRXWDYHQtMDNRMH
]LQHN6WURMVHVWXGHQRXNRPRURXMHQXWQpSRXåtWXVOLWLQV Y\ããtWHSORWRXWDYHQt, 
jako jsou slitiny hlLQtNXPČGLD]LQNX s Y\VRNêPREVDKHPKOLQtNXYHVOLWLQČ Tyto 
VOLWLQ\ E\ SĜL SRXåLWt KRUNp NRPRU\ UHDJRYDOL V maWHULiOHP YVWĜHORYDFt SXPS\, 
þtPåE\GRFKi]HORNH]QHKRGQRFRYiQt MDNSXPS\ WDN L VOLWLQ\ VDPRWQp6OLWLQ\
KRĜþtNX MH PRåQR QD VWURMtFK V KRUNRX NRPRURX RGOpYDW GtN\ MHMLFK QHWHþQRVWL
s åHOH]QêPLPDWHULiO\SXPS\ 
2.1.1 7ODNRYêVWURMV horkou komorou 
7\SLFNêYVWĜHORYDFtV\VWpPV horkou NRPRURXMHYLGČWQDREUi]NX. Stroj 
VH VNOiGi ] K\GUDXOLFNpKR ]DĜt]HQt SUR SRK\E StVWX NRPRU\ KXVtKR NUNX D
YVWĜHORYDFtWU\VN\1D]DþiWNXF\NOXMHStVWY KRUQtSROR]H5R]WDYHQêNRYQDWHþH
otvorem do komory DSRWČVQpPX]DYĜHQtIRUP\VHStVWSRVXQHGROĤþtPåGRMGH
k X]DYĜHQt YWRNRYpKRRWYRUX5R]WDYHQêNRY MHSDNStVWHPKQiQVNU]KXVtNUN
WU\VNXDYWRNRYRXVRXVWDYXGRGXWLQ\ IRUP\9WRN MHNyQLFNpKR WYDUXDRSDWĜHQ
UR]UiåHþHPSUR MHGQRGXãt Y\MPXWt ] IRUP\D VSUiYQp YHGHQt NRYX3RXSO\QXWt
þDVXSRWĜHEQpKR NH ]WXKQXWt RGOLWNX MH WHQWR ] IRUP\ Y\KR]HQ StVW VH YUDFt GR
VYpYêFKR]tSRORK\D]DþtQiGDOãtF\NOXV'REDF\NOXVHY ]iYLVORVWLQDYHOLNRVWL
RGOLWNXSRK\EXMHRGQČNROLNDVHNXQGGRWĜLFHWL 
 FSI VUT ',3/2029È35È&( /LVWþ12 
 
 
 
Obr. 2 6FKpPDVWURMHV horkou komorou [3] 
2.1.2 7ODNRYêVWURMVHVWXGHQRXNRPRURX 
Princip stroje se studenou komorou je nD REUi]NX  6WURM VH VNOiGi
z KRUL]RQWiOQt NRPRU\ V otvorem pro SOQČQt YRGRX FKOD]HQpKR StVWX a 
K\GUDXOLFNpKRV\VWpPXSURSRK\EStVWX&\NOXVVHVNOiGi] QiVOHGXMtFtFK NURNĤ 
 
 X]DYĜHQtVWURMHYþHWQČ]DMHWt WDKDþĤ MDGHUDX]DYĜHQt IRUP\QDPD]iQt
StVWXYSOQLFtNRPRĜH 
 QDSOQČQt GXWLQ\ NRPRU\ WDYHQLQRX SRPRFt GiYNRYDFtKR ]DĜt]HQt
0QRåVWYtNRYXY NRPRĜH]iOHåtQDREMHPXRGOLWNXDYWRNRYpVRXVWDY\D
GRMLVWpPtU\QDQČP]iYLVtNYDOLWDRGOLWNX 
 SOQČQt IRUP\ YOLYHP SRK\EX StVWX NRPRURX 3tVW WODþt NRY SĜHG VHERX
skrz vtokovou soustavu do dutiny formy. 1D þHOH StVWX VH QD NRQFL
SOQČQt Y\WYRĜt W]Y WDEOHWD QD NWHURX SDN StVW WODþt YH Ii]L GRWODNX
3UĤEČKWRKRWR~NRQXYSRGVWDWČ RYOLYĖXMHMDNRVWRGOLWNX 
 GRE\WXKQXWtRGOLWNXYUiPFLF\NOXMHY\XåtYiQRN GDOãtP~NRQĤPMDNRMH
RVWĜLKRYiQtRGOLWNXGRNURNRYDFtSDOHW\QHERXFKRSHQt]DOpYDQpKRGtOFH
URERWHPD]DORåHQtGRIRUP\ 
 RWHYĜHQtIRUP\VSROXVY\KR]HQtPRGOLWNXSRPRFtY\KD]RYDþĤ 
 Y\MPXWtRGOLWNXþLVDG\URERWHPQHERPDQLSXOiWRUHP]GČOLFtURYLQ\ 
 NRPSOHWQt þLãWČQt D PD]iQt IRUP\ ]DĜt]HQtP SRK\EXMtFtP VH Y GČOLFt
URYLQČ- RVWĜLN 
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=ĜHMPČ QHMSRXåtYDQČMãt W\S WODNRYpKR VWURMH V KRUL]RQWiOQt VWXGHQRX
komorou je schematicky zobrazen na REUi]NX4. 
 
Obr. 3 6FKpPDVWURMHV horkou komorou [3] 
Obr. 4 6FKpPDWODNRYpKRVWURMHV KRUL]RQWiOQtNRPRURX [4] 
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2.2 .RQVWUXNFHIRUHPSURWODNRYpOLWt  
 
.]tVNiQt MDNRVWQtKRRGOLWNXEH]SRYUFKRYêFKYDGY]GXFKRYêFKEXEOLQD
VWDåHQLQMHQXWQpYROLWVSUiYQp WHFKQRORJLFNpSRGPtQN\SUROLWtSRGWODNHPNWHUp
YãHREHFQČXUþXMtSOQČQt IRUP\DNWHUpPDMtSRGVWDWQêYOLYQD MDNRVWRGOLWNĤ1D
VSUiYQČQDYUåHQpNRQVWUXNFLIRUP\]iOHåt, ]GDYêVOHGQêSURGXNWWMRGOLWHNEXGH
SRåDGRYDQp NYDOLW\ SĜL FR QHMOHSãtFK SRGPtQNich. Na obr. 5 je schematicky 
]Qi]RUQČQDIRUPDVXYHGHQtPQi]YĤMHGQRWOLYêFKþiVWt[5] 
 
Obr. 5 )RUPDSURWODNRYpOLWt- kokila[5] 
 
2.2.1 8UþHQtX]DYtUDFtVtO\ stroje 
9êEČU WODNRYpKR VWURMH ]iYLVt QD ĜDGČ IDNWRUĤ -VRX WR GUXK RGOpYDQp
slitiny, tvar a velikost oGOLWNX UHVSHNWLYH SORFKD RGOLWNX YþHWQČ YWRNX D SĜHWRNĤ
v URYLQČ NROPp N SRVXYX StVWX D SRK\EOLYp SRORYLQ\ IRUP\ REVDK NRYX YH
YVWĜHORYDFt NRPRĜH SRWĜHEQê N GRNRQDOpPX ]DSOQČQt GXWLQ\ IRUP\ D ]HMPpQD
YHOLNRVWX]DYtUDFtVtO\VWURMH 
 
8]DYtUDFtVtODVHvypoþWHSRPRFt QiVOHGXMtFtKRY]RUFH 
kS
S
F
kSpF
L
L
LLU
....
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Obr. 6 6FKpPDN YêSRþWXX]DYtUDFtVtO\[5] 
 
'RSRUXþHQpKRGQRW\OLFtFKWODNĤSURY\EUDQpVOLWLQ\Msou v tabulce 1[5] 
 
TDE'RSRUXþHQpKRGQRW\OLFtFKWODNĤ 
Hodnota Konstanty EH]SHþQRVWL VH SRK\EXMH Y UR]PH]t RG  GR  D
Y\MDGĜXMH UR]GtO PH]L Y\SRþWHQRX X]DYtUDFt VtORX D X]DYtUDFt VtORX SRXåLWpKR
stroje. +RGQRWDX]DYtUDFtVtO\ WODNRYêFKVWURMĤVHQDFKi]tY UR]PH]tRGN1
DåGR N1DVOpYiUQ\VLVWURMHYROtSRGOHVRUWLPHQWXRGOLWNĤ 
2.2.2 9WRNRYiVRXVWDYD 
.YDOLWD RGOLWNX MH YHOPL YiåQČ RYOLYQČQD VSUiYQRVWt QDYUåHQp YWRNRYp
VRXVWDY\ 7X WYRĜt Y GČOtFt URYLQČ VRXVWDYD NDQiOĤ D GXWLQ NWHUp YHGRX NRY RG
YVWĜHORYDFt NRPRU\ N GXWLQČ IRUP\ L VNU] Qi. .DQiO\ YWRNRYp VRXVWDY\ MVRX 
k YODVWQt GXWLQČ IRUP\ SĜLSRMHQ\ Y PtVWČ NWHUp VH X Y\VRNRWODNpKR OLWt QD]êYi
QDĜt]QXWt D MH WYRĜHQR ~]NRX ãWČUELQRX V GDQêPL JHRPHWULFNêPL SDUDPHWU\ 
3RXåtYDQpW\S\QDĜt]QXWtMVRXQDREUi]NX+RGQRWDGpON\QDĜt]QXWtÄD³ -0,3, 
ãtĜNDÄF³ -REČ SURVOLWLQ\KOLQtNX 
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Obr. 7 7\S\QDĜt]QXWt[5] 
 6RXVWDYD KUDMH GĤOHåLWRX UROL SĜL YêUREČ RGOLWNX D PČOD E\ EêW FR
QHMMHGQRGXããt D QHMNUDWãt ] GĤYRGX Y\XåLWt NRYX WHG\ QiNODGĤ 3ĜL QiYUKX
VRXVWDY\PXVtNRQVWUXNWpU]QiWYãHFKQ\SDUDPHWU\PRåQRVWLDGDWD stroje, aby 
PRKO QD MHMLFK ]iNODGČ XUþLW YHOLNRVW D WORXãĢNX NDQiOĤ V ohledem na 
SRåDGRYDQRXU\FKORVWDþDVSOQČQt6SUiYQêY]WDKPH]LU\FKORVWtDGRERXSOQČQt
]DEUDĖXMHSĜHGþDVQpPXQDWXKiYiQtNRYXY SUĤEČKXIi]HSOQČQt 
1HVSUiYQČQDYUåHQêWYDUYWRNRYpVRustavy vede k QHYKRGQpPXUR]ORåHQt
SURXGČQt NRYX SĜL SOQČQt D QiVOHGQČ NH Y]QLNX YDG W\SX VWXGHQê VSRM
]DYDOHQLQD QH]DEČKQXWt QHER N X]DYĜHQt Y]GXFKX $QL Y SĜtSDGČ VSOQČQt
SRåDGDYNĤQDSOQČQtYãDNQHPXVtEêWYWRNRYêV\VWpPQDYUåHQVSUiYQČ3RNXG
MH SRPČU WORXãĢN\ NDQiOX D VWČQ RGOLWNX YHONê KUR]t Y REODVWL QDĜt]QXWt Y]QLN
GHIRUPDFt NWHUpPRKRX Y NRQHþQpPGĤVOHGNX ]SĤVRELW SUREOpP\ V Y\KR]HQtP
odlitku z IRUP\7RWR MH MHGQtP] GĤYRGĤSURþX WODNRYpKR OLWtY\XåtWSĜLVLPXODFL
SURFHVXURYQČåYêSRþHWQDSČWt 
2.2.3 9êSRþHWYWRNRYpVRXVWDY\ 
9WRNRYi VRXVWDYD QHVORXåt SĜL WODNRYpP OLWt SRX]H N GRSUDYHQt NRYX
z NRPRU\GRGXWLQ\IRUP\-HMt JHRPHWULt O]HURYQČåUHJXORYDWSUDFRYQtSDUDPHWU\
U\FKORVWWODND]QDþQêYOLYPiLQDRGY]GXãQČQt 
3UYN\YWRNRYpVRXVWDY\MVRXQDREUi]NX8 
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Obr. 8 9WRNRYiVRXVWDYD[5] 
9WRNRYiVRXVWDYDPXVtVSOĖRYDWQiVOHGXMtFt SRåDGDYN\ 
 
 ]DMLVWLWVSUiYQpY\SOQČQtGXWLQ\IRUP\ 
 ]DPH]LWSĜHGþDVQpPXRSRWĜHEHQtGXWLQ\IRUP\WDYHQLQRXNROPpUi]\ 
 ]DPH]LWY]QLNYtUĤNWHUpYHGRXN X]DYtUiQtY]GXFKXDQiVOHGQpSO\QQp
pore]LWČ 
 ]DMLVWLWSRåDGRYDQêY]KOHGRGOLWNX 
 
5R]KRGXMtFtYOLYQDSUĤEČKSOQČQtRGOLWNXPiWYDUDUR]PČUQDĜt]QXWtFRå
MHPtVWR NGH NRY YVWXSXMH GR GXWLQ\ IRUP\2SWLPiOQt SUĤĜH] QDĜt]QXWt Y\FKi]t
z þDVXSRWĜHEQpKRN]DSOQČQtGXWLQ\DRSWLPiOQt U\FKORVWLNRYX3URYêSRþHWVH
SRXåtYiQiVOHGXMtFtY]RUHF 
tv
G
S
'..
'
            
2SWLPiOQt U\FKORVWLY QDĜt]QXWtVHY NRQYHQþQtFKSRGPtQNiFK OLWtSRK\EXMt
v UR]VDKX RG  GR PV =D SRXåLWt V\VWpPX YDNXD mRKRX EêW VQtåHQ\ QD 
hodnoty DåPV 
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'RED SOQČQt MH ]iYLVOi QD VWĜHGQt WORXãĢFH VWČQ\ RGOLWNX a pohybuje se 
v ĜiGX GHVHWLQ Då VHWLQ VHNXQG\ 1iVOHGXMtFt WDEXOND REVDKXMH SĜHKOHG
RSWLPiOQtFKþDVĤSOQČQt]MLãWČQêFKSURNRQNUpWQtWORXãĢN\VWČQRGOLWNX 
 
Tab. 2 7HRUHWLFNpXUþHQtGRE\SOQČQt 
3UĤĜH]~VWtYWRNRYpKRNDQiOXPiYOLYQDU\FKORVWSURXGČQtNRYXGRIRUP\
DWtPQDSRPČU\SĜLSOQČQt.RQVWUXNWpUIRUP\Pi]iVDGQČYROLWQHMPHQãtU\FKORVW
proudu VOLWLQ\ YH YWRNRYpP QDĜt]QXWt V Qtå O]H GRViKQRXW GREUpKR Y\SOQČQt
GXWLQ\ IRUP\ 9 SĜtSDGČ PDOpKR YWRNRYpKR QDĜt]QXWt GRFLOXMHPH SĜHVQpKR
Y\SOQČQt REU\VĤ GXWLQ\ IRUP\ 'DOãt SĜHGQRVWt PDOpKR SUĤĜH]X MH VQDGQp
RGGČOHQt RGOLWNX RG YWRNX SURVWêP RGORPHQtP =Y\ãRYiQt U\FKORVWL NWHUp MH
]DSĜtþLQČQRPDOêP SUĤĜH]HP, Pi YãDN Wpå QHYêKRG\ 7YRĜHQt YtUĤ SĜL GRSDGX
SURXGX VOLWLQ\ GR SROãWiĜH WDYHQLQ\ Y GXWLQČ IRUP\ MH SRGVWDWQČ ]YêãHQR D
]SĤVREXMHPQRKHP YČWãt SRKOFRYiQt SO\QĤ D SDU GR VOLWLQ\ D MHMLFK X]DYĜHQt Y
RGOLWNX 5\FKOêP SOQČQtP IRUP\ MH ]WtåHQ RGYRG SO\QĤ D SDU SĜHG U\FKle 
SRVWXSXMtFtVOLWLQRX[3] 
 
9ČWãt ]WUiW\ HQHUJLH WĜHQtP NWHUp RGSRYtGDMt YČWãt U\FKORVWL ]SĤVREXMt
YČWãtRSRWĜHEHQtSĜtVOXãQêFKþiVWtGXWLQ\IRUP\DKUXEãtVWUXNWXUXVOLWLQ\YRGOLWNX
9 SĜtSDGČ YČWãtKR SUĤĜH]X O]H U\FKORVW SRWĜHEQRX N GREUpPX Y\SOQČQt formy 
]tVNDWQDVWDYHQtPYČWãtKRWODNX[3] 
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2.2.4 &KOD]HQtDWemperace 
7HSORWDIRUP\DWHSHOQiURYQRYiKDIRUP\SUROLWtSRGWODNHPPDMt ]QDþQê
YOLYQDMDNRVWRGOLWNĤQDVQtåHQt]PHWNRYLWRVWLDQDSURGORXåHQtåLYRWQRVWLIRUP\
ChladiFt s\VWpPIRUP\PXVtEêWQDYUåHQWDNRYêP]SĤVREHPDE\E\OR]DEUiQČQR
YêVN\WXYDG]SĤVREHQêFKãSDWQRXWHSORWRXIRUP\(viz. 2.1.1).  
=iNODGHP GREUpKR RGOLWNX MH WDNRYê QiYUK IRUP\ NG\ EXGH ]DMLãWČQR
~þLQQp FKOD]HQt YãHFK þLQQêFK þiVWt IRUP\ 3UR FKOD]HQt VH Y\YUWiYDMt NDQiO\
NWHUp VH ãURXEHQtP D JXPRYêPL KDGLFHPL QDSRMXMt QD YRGRYRGQt D RGSDGQt
SRWUXEt-DNRFKODGtFtPpGLXPVHSRXåtYiQHMþDVWČMLYRGDRWHSORWČYUR]PH]t
- & 
3ĜLWHPSHUDFLSURXGtWHPSHUDþQtPLNDQiO\ROHM a jeho teplota se pohybuje 
v UR]PH]tRGGR & 
 
2.2.5 2GY]GXãQČQtIRUHP 
=DVWDUDOê DYãDN VWiOH QHSĜHNRQDQê ]SĤVRE MDN XPRåQLW Y]GXFKX RGHMtW
z GXWLQ\ IRUP\ MH SRXåLWt RGY]GXãĖRYDFtFK NDQiOĤ 7\ MVRX XPtVWČQ\ QHMþDVWČML
v GČOtFt URYLQČ D WR Y PtVWHFK NGH NRQþt SOQČQt RGOLWNX âSDWQp XPtVWČQê
RGY]GXãĖRYDFtFK NDQiOĤ Pi SDN ]D QiVOHGHN X]DYtUiQt Y]GXFKX Y odlitku. 
2GVWUDQČQtY]GXFKX]GXWLQ\IRUP\EČKHPNUiWNpGRE\SOQČQtMH]QHVQDGĖRYiQR
WtP åHv dutiQČ IRUP\VH]iURYHĖY\VN\WXMH ]QDþQpPQRåVWYt Y]GXFKX]SOQtFt
NRPRU\DYWRNRYêFKNDQiOĤ 
7ORXãĢND SUĤĜH]X NDQiOĤ VH pohybuje cca od 0,05 do 0,1 mm âtĜka 
NDQiOĤEêYiREY\NOH Då20 mm. V\ããtFKKRGQRWVHSRXåtYiXRGOLWNĤYČWãtFK
UR]PČUĤXNWHUêFKMHNDQiOSRORåHQGDOHNRRGYWRNX2GY]GXãĖRYDFtNDQiO\VH
obvykle ]KRWRYXMtYGČOtFtURYLQČIRUP\ EURXãHQtP 
 
Obr. 10 8Ni]NDRGY]GXãĖRYDFtKRV\VWpPX 
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2.2.6 ět]HQpRGY]GXãQČQt 
0RGHUQtP ]SĤVREHP RGY]GXãQČQt IRUP\ MH SRXåLWt YDNXD 'R PtVW
SRVOHGQtKRSOQČQtVHY WRPWRSĜtSDGČLQVWDOXMtYDNXRYpYHQWLO\DWREXćVWDWLFNp
(valchy, vlnovce) nebo G\QDPLFNp (obr 11). 3RXåLWtP V\VWpPX YDNXD VH VQtåt
QHMHQSRUH]LWDDOHWDNpQiURNQDWRQiåVWURMHQHERĢY GXWLQČIRUP\MHVWRQiVREQČ
PHQãt WODN 5RYQČå MH PRåQR GRVDKRYDW PHQãtFK WORXãĢHN VWČQ D
NRPSOLNRYDQČMãtFKWYDUĤRGOLWNĤ 
 
Obr. 11 9DNXRYpYHQWLO\[6] 
3 7HSHOQpGČMHY VRXVWDYČIRUPD-odlitek 
9ãHFKQ\ GČMH Y RGOLWNX YHOPL ~]FH VRXYLVt V XYROĖRYiQtP D WUDQVSRUWHP
WHSOD SĜL WXKQXWt D YH Ii]L FKODGQXWt 5\FKORVW SĜHVWXSX WHSOD MH YHOPL GĤOHåLWi
k XUþHQt GRE\ WXKQXWt RGOLWNX D UR]ORåHQt WHSORWQtKR SROH Y FHOp VRXVWDYČ
forma - RGOLWHN2EDW\WR MHY\SĜtPRQHERQHSĜtPRRYOLYĖXMtVWUXNWXUXPDWHULiOX
YêVN\WYPČVWNĤUR]ORåHQtDWYDUSRUy]LW\DWtPNYDOLWXDYODVWQRVWLFHOpKRRGOLWNX
3ĜHVWXS WHSOD D SURFHV\ SĜL WXKQXWt MVRX YHOPL NRPSOH[Qt D WČåNR SRFKRSLWHOQp
SUREOpP\ QLFPpQČ MHMLFK ]iNODGQt ]QDORVW MH SUR Y\UREHQt NYDOLWQtKR RGOLWNX
QXWQi3URVSUiYQRVWQXPHULFNpVLPXODFHMHSDNQHSRVWUDGDWHOQi 
V WpWRNDSLWROHEXGRXSUREUiQ\GYD]SĤVRE\SĜHVWXSX WHSODD WRSĜHVWXS
WHSODYHGHQtPNRQGXNFtDSURXGČQtPNRQYHNFt [7] 
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3.1 3ĜHstup WHSODYHGHQtP 
-H]QiPRåHNG\NROLYVHYHGOHVHEHY\VN\WXMtSURVWĜHGtRMLQêFKWHSORWiFK
GRFKi]t PH]L QLPL N SĜHGiQt HQHUJLH ] PtVW R Y\ããt WHSORWČ GR PtVW V QLåãt
WHSORWRX7HQWRMHYMHR]QDþRYiQMDNRYHGHQtDWHSHOQêWRNVNU]MHdnotku plochy 
MH ~PČUQê WHSHOQpPX JUDGLHQWX .RQVWDQWD ~PČUQRVWL MH WHSHOQi YRGLYRVW
PDWHULiOX =iNODGQt )oXULHURYD URYQLFH SUR SĜHQRV WHSOD YHGHQtP Y\SDGi
QiVOHGRYQČ 
x
T
kAq  
Kde:  q MHWHSHOQêWRNNROPêQDSORFKXÄ$³[W] 
  A plocha, pĜH]NWHURXWHSORSURFKi]t[m2] 
  K WHSHOQiYRGLYRVW>:P.@ 
  T teplota [K] 
  x HOHPHQWNROPêQDSORFKX$[m] 
 
 
 
=QDPpQNRPtQXVYHY]RUFLY\MDGĜXMHåHWHSORMHSRþtWiQRYHVPČUXMHKR
toku. [7] 
 
 
'iOH MH WĜHED GHILQRYDW WHUPtQ ÄWHSHOQê RGSRU³ 3UR WHQWR ~þHO EXGHPH
SĜHGSRNOiGDWXVWiOHQêVWDYQH]iYLVOêQDþDVH7R]QDPHQi7 7[ ,QWHJUDFtD
~SUDYRX)oXULHURY\URYQLFHGRVWDQHPHQiVOHGXMtFtY]RUHF 
cond
th
R
T
q      kde     
kA
xcond
th
R  
Tento vztah SĜHGVWDYXMHQRYêSRKOHGQD)ourierovu rovnici, YHNWHUpP je 
U\FKORVW SĜHVWXSX WHSOD XYDåRYiQD MDNR WHSHOQê tok, D NRPELQDFH WHSHOQp
YRGLYRVWL WORXãĢN\ PDWHULiOX REODVWL SĜHVWXSX D RGSRUX SURWL WHSHOQpPX WRNX
ětGtFtPSDUDPHWUHPSURSĜHVWXSWHSODMHUR]GtOWHSORW)ourierova rovnice lze pak 
v\MiGĜLWMDNR [7] 
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3.2 5RYQLFHSĜHVWXSXWHSOD 
1D ]iNODGČ )ourierovy rovnice spolu s SUYQtP ]iNRQHP WHUPRG\QDPLN\
]iNRQ]DFKRYiQtHQHUJLHPĤåHEêWVHVWURMHQD]iNODGQtURYQLFHSĜHVWXSXWHSOD 
=DSUYpXYDåXMPHWČOHVRRWHSHOQpYRGLYRVWLÄN³DV libovolnou teplotou na 
SRYUFKX =PČQD WHSORW\ ]iYLVOi QD þDVH D QD SROR]H D YQLWĜQt WHSHOQê YêYRM
]SĤVREt V þDVHP ]PČQX WHSORW\ FHOpKR WČOHVD $SOLNDFt URYQLFH R ]DFKRYiQt
HQHUJLHQDREMHPREGUåtPHQiVOHGXMtFtURYQLFLHQHUJHWLFNpURYQRYiK\ [7] 
 
3R Y\MiGĜHQt YãHFK SURPČQQêFK VSROHþQČ V mnoha modifikacemi a 
kombinacemi s FoXULHURYRXURYQLFt]tVNiPHMHGQRUR]PČUQRXURYQLFLSURYêSRþHW
SĜHVWXSXWHSODDWDSDNSRVORXåtMDNR]iNODGSUR]MLãWČQtWĜtUR]PČUQpQDQtåMVRX
]DORåHQ\YãHFKQ\WHSHOQpGČMHSĜLOLWtNRYĤ 
 
 
3.3 3ĜHVWXSWHSODSURXGČQtP 
9HGHQt D ViOiQt EHURX Y SRWD] WUDQVSRUW HQHUJLH QLNROLY YãDN KPRW\
.RQYHNFH ]QDPHQi SRK\E KPRW\ SĜL Y]HWt GR ~YDK\ MHMtKR WHSHOQpKR REVDKX
'REUêPL SĜtNODG\ SUR SĜHQRV WHSOD SURXGČQtP MVRX FKODGtFt NDQiO\ YH IRUP\
NWHUêPL SURWpNi FKODGtFt PHGLXP YRGD QHER ROHM QHER NRY SRK\EXMtFt VH
v NRPRĜHDY GXWLQČIRUP\ 
=QiPH GYČ IRUP\ SĜHVWXSX WHSOD SURXGČQtP 1XFHQi NRQYHNFH MH
]SĤVREHQD SURXGtFtP PHGLHP Y RNROt ]NRXPDQpKR WČOHVD 'REUêP SĜtNODGHP
PĤåHEêWSUiYČSURXGČQtFKODGtFtKRPHGLDY NDQiOHFKIRUP\1DGUXKRXVWUDQX
NRQYHNFH YROQi MH ]SĤVREHQD ]PČQRX KXVWRW\ D Y]QLNi Y proudu kovu bez 
SĤVREHQt YQČMãtFK YOLYĤ 3ĜHVWXS WHSOD SURXGČQtPSRSLVXMH1HZWRQRYD URYQLFH
FKODGQXWt]DKUQXMtFtREDW\S\NRQYHNFHGRMHGQRKRY]RUFH [7] 
 
kde T a TS MVRX WHSORW\ SRYUFKX WČOHVD D FKODGLFtKR SURXGX ýOHQ K MH
NRHILFLHQWSĜHVWXSXWHSOD [W/m2K] ]iYLVOêQDU\FKORVWLSURXGČQtPpGLDJHRPHWULL
NDQiOXDWYDUXRFKOD]RYDQiSORFK\ 
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3.4 3ĜHVWXSWHSODQDUR]KUDQtIRUPD-odlitek 
.RYRYiNRNLODPi± NUiWY\ããtWHSelQRXYRGLYRVWQHåStVNRYiIRUPD
8PRåĖXMH YHONRX U\FKORVW FKODGQXWt D WDN VH VWiYi LGHiOQt SUR WHQNRVWČQQp
odlitky. 
3ĜHVWXS WHSOD ]iYLVt X WODNRYpKR OLWt SĜHGHYãtP QD VW\NRYp SORãH PH]L
fRUPRXD WDYHQLQRX7HSHOQê WRN] WHSOp WDYHQLQ\GRFKODGtFt IRUP\ MH RYOLYQČQ
QiVOHGXMtFtPLYOLY\ 
 
 Y]GXFKRYRXPH]HURXPH]LIRUPRXDFKODGQRXFtPRGOLWNHP 
 GUVQRVWtSRYUFKXIRUP\ 
 QiWČUHPIRUP\ 
 
9]GXFKRYi PH]HUD MH ]SĤVREHQD VWDKRYiQtP MDNR GĤVOHGNHP ]PČQ\
KXVWRW\NRYXSĜLWXKQXWtPDQiVOHGQêPVPUãĢRYiQtPEČKHPFKODGQXWtodlitku. 
 
9HONi Grsnost VWČQ IRUP\ ]SĤVREXMH QHGRNRQDOê NRQWDNW GYRX SRYUFKĤ
V PH]HUiFK PH]L ãLþNDPL SURILOX GUVQRVWL VH GUåt Y]GXFK D MLQp SO\Q\ NWHUp
]Y\ãXMtWHSHOQêRGSRUQDUR]KUDQtIRUPD-kov. 
6WČQDIRUP\EêYiYHOPLþDVWRSRNU\WDWHQNRXYUVWYRXNHUDPLFNpKRSUiãNX
SRMHQpKRSRMLYHPQHMþDVWČMLQDEi]LYRGQtKRVNOD7DWRVPČVVHQD]êYiQiWČU
1iWČUMHUR]SUiãHQWU\VNRXQDSRYUFKSĜHKĜiWpIRUP\DY SURFHVXSĜHVWXSXWHSOD
SDNSĤVREtMDNRizolant s YHONêPWHSHOQêPRGSRUHPDPDORXWHSHOQRXYRGLYRVWt
'DOãtP MHKR ~NROHP MH HOLPLQRYDW PQRåVWYt PH]HU Y]QLNOêFK GUVQRVWt SRYUFKX
IRUP\ ,]RODþQt~þLQHNPiGRYROLW WDYHQLQČY\SOQLW FHOêSURVWRU IRUP\, GĜtYHQHå
]DþQH SURFHV WXKQXWt 5RYQČå SRWODþXMH Y]QLN EURNĤ Y GĤVOHGNX UR]VWĜLNRYiQt
kovu. [8] 
3.5 =iVDG\WHSHOQpELODQFH SĜLY\VRNRWODNpPOLWt 
 
  WHSORWQt ELODQFH Y VRXVWDYČ IRUPD RGOLWHN PXVt EêW ]DFKRYiQD
v SUĤEČKXFHOpKRSURFHVXWHSORSĜLMDWp WHSORRGHY]GDQp 
 chyby v GHVLJQX FKODGLFtFK NDQiOĤ QHPRKRX EêW NRPSHQ]RYiQ\
]YêãHQRX U\FKORVWt SURXGČQt FKODGLFt NDSDOLQ\ QHERĢ k RSWLPiOQtPX
Y\XåLWtNRQYHNFHGRFKi]tY ~]NêFKOLPLWHFKU\FKORVWt 
 X WHQNRVWČQQêFK RGOLWNĤ MH WĜHED PQRKG\ SRXåtW NURPČ FKOD]HQt L
WHPSHUDFLROHMHPRWHSORWiFKPH]LDåVWXSQL 
 YtFHPDOêFKFKODGLFtFKNDQiOĤMHOHSãtQHåMHGHQYHONê 
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4 9DG\WODNRYêFK RGOLWNĤ 
To, åHSRåDGDYN\QDNYDOLWXRGOLWNĤ MVRXQHXVWiOHY\ããt, PiQDVYČGRPt
PQRåVWYt QRYêFK WHFKQRORJLt D ]SĤVREĤ, MDN VH Y\KQRXW YDGiP Y RGOLWFtFK
1HMOHSãt ]SĤVRE MDN YDG\ SUHGLNRYDW MH QXPHULFNi VLPXODFH GtN\ Qtå MVPH
VFKRSQLYLGČWSĜtPRGRSURFHVX OLWtDSĜtSDGQpYDG\RGVWUDQLWSRWĜHEQêPL]iNURN\
rovnou v PtVWČMHMLFKY]QLNX 
4.1 9DG\Y]QLNOpSURXGČQtP 
V WpWR SUiFL VH ]DPČĜtPH ]HMPpQD QD SUREOpP\ VRXYLVHMtFt V SURXGČQtP
NRYXYH IRUPČ)DNWRUĤRYOLYĖXMtFtch NYDOLWXRGOLWNĤ MHYHOPLPQRKRD]SĤVREĤ
MDNO]HYDGiPDQHVKRGiPY]QLNOêFKYOLYHPSURXGČQt]DEUiQLWURYQČå 
 
4.1.1 Zavalenina (cold lap) 
=DYDOHQLQ\ MVRX RNHP YLGLWHOQRX YDGRX SRYUFKX RGOLWNX Y]QLNDMtFt
v GĤVOHGNXQHVSRMHQtGYRXQHERYtFHUĤ]QêFKSURXGĤNRYX. QHVSRMHQtGRFKi]t
YOLYHPPRåQpKRþiVWHþQpKRQDWXKQXWtNRYXQDþHOHFKWČFKWRSURXGĤY PtVWHFK
formy s QHMY\ããtPRGYRGHPWHSODTakovêPLPtVW\PRKRXEêWþiVWLRGOLWNXNWHUp
VH SOQt MDNR SRVOHGQt NRY ]WUiFt WHSORWX Y SUĤEČKX FHOpKR SUĤFKRGX GXWLQRX
IRUP\ QHER U\FKOH FKODGQRXFt WHQNp SUĤĜH]\ MDNR åHEUD D UĤ]Qp YêþQČON\
3RYUFKMHYDGRX]YUiVQČQ, MDNXND]XMtREUi]N\12 a 13 QtåH 
       
Obr. 12 ZDYDOHQLQDSRYUFKåHEUD Obr. 13 Vada v WHQNpVWČQČGLIX]RUX 
Z PQRKD ]QiPêFK SĜtSDGĤ z praxe je ]ĜHMPi VQDKD Y\ĜHãLW SUREOpP
]PČQRXYWRNRYpVRXVWDY\FRå MHYČWãLQRX]HYãHFKWHQQHMQiNODGQČMãt]iVDKD
s YODVWQtPY]QLNHPQHPXVtPtW þDVWRPQRKR VSROHþQpKR=MLãWČQtSUDYpSĜtþLQ\
SUREOpPX PĤåH EêW Y PQRKD SĜtSDGHFK GDOHNR MHGQRGXãt SRNXG WHFKQRORJ
SRVRXGt SUREOpP ] QČNROLND ~KOĤ SRKOHGĤ 1iVOHGXMtFt SĜHKOHG IDNWRUĤ
RYOLYĖXMtFtFKSUĤEČKSOQČQtE\PRKOk ĜHãHQt]DYDOHQLQSRPRFL 
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 7ORXãĢNDVWČQodlitku 
8VOLWLQKOLQtNXQDVWiYiSUREOpPSĜL WORXãĢNiFKVWČQPHQãtFKQHå MH
PP 8 WČFKWR WORXãĢHN GRFKi]t NH ]PČQiP Y SURXGČQt D MH SURWR GĤOHåLWp
v SUĤEČKXNRQVWUXNFH]DMLVWLW VRXþiVWLQHMYČWãtPRåQRX WORXãĢNXVWČQ0LQLPiOQt
WORXãĢND SUR VOLWLQ\ KOLQtNu je 1.5 mm. 7D YãDN VRXYLVt s QXWQRVWt NUiWNp GRE\
SOQČQtPDOpY]GiOHQRVWLSRK\EXNRYXDY\ããtFKWHSORWIRUP\ [9] 
 
 Tvar odlitku 
7YDU RGOLWNX PĤåH EêW þDVWR QHMGĤOHåLWČMãtm faktorem SĜL ĜHãHQt YãHFK
SRYUFKRYêFK YDG RGOLWNĤ 1DQHãWČVWt YãDN Y mnoha SĜtSDGHFK QHMWČåãtm na 
]PČQX7YDURGOLWNXE\VHPČOGUåHWQiVOHGXMtFtFK]iNRQLWRVWt [9]: 
  
- GpOND WRNXNRYXRGOLWNHPE\PČODEêWSRNXGPRåQRFRQHMPHQãt 
- SRþHWSĜHNiåHNSĜHVNWHUpPXVtNRYQDFHVWČRGOLWNHPSURMtWE\PČO
EêW FRQHMQLåãt 
- NULWLFNiMVRXPtVWDUR]GČOXMtFtSURXGNRYXMiGUDåHEtUND 
- KUDQ\PXVHMtEêWRSDWĜHQ\YKRGQêPLUiGLXV\ (obr. 14) 
- PtVWR YVWXSX NRYX GR GXWLQ\ QDĜt]QXWt IRUP\ PXVt EêW VSUiYQČ
zvoleno 
- WYDUURYQČåUR]KRGXMHRUR]ORåHQtWHSOêFKDVWXGHQêFKERGĤ v GXWLQČ 
 
Obr. 14 3ĜtNODGQHYKRGQČ]YROHQpKR]DREOHQt 
na odlitku s PHQãtPUDGLXVHPYDGDQHY]QLNOD 
 'REDSOQČQt 
ýDV RG RNDPåLNX, NG\ NRY YVWRXSt ]iĜH]HPGR IRUP\, GR ]DSOQČQt FHOp
dutiny, MHGDOãtP] YHOPLGĤOHåLWêFKIDNWRUĤ3UDYLGOR]Qt: þtPNUDWãtGREDSOQČQt, 
WtPOHSãtNRQHþQêSRYUFKRGOLWNX2SWLPiOQtþDVSOQČQtVHQDSĜtNODGXRGOLWNĤ]H
VOLWLQ KOLQtNX R KPRWQRVWL Y KRGQRWiFK RNROR  kg pohybuje v UR]PH]t                
50 Då 100 msec. 2SWLPiOQt þDV Y ]iYLVORVWL QD WHSORWČ IRUP\ WHSORWČ NRYX D
VWĜHGQtWORXãĢFHRGOLWNXse zjLVWtSRGOHQiVOHGXMtFtKRY]RUFH [9] 
 FSI VUT ',3/2029È35È&( /LVWþ26 
 
 
T
TT
SZTT
Kt
df
fi
.
)(
.  
kde: K = konstanta 
 7 VWĜHGQtWORXãĢNDVWČQRGOLWNX 
 Ti = teplota kovu v QDĜt]QXWt 
 Tf  PLQLPiOQtWHSORWDOLWt 
 Td = teplota kokily 
 6 SURFHQWRWXKpIi]HSR]DSOQČQtGXWLQ\formy 
 = NRQVWDQWDSURSĜHSRþHW] procent 
 
 
+RGQRW\ GRSRUXþHQêFK KRGQRW WHSORW D VWĜHGQtFK WORXãĢHN MVRX XYHGHQ\
v WDEXONiFKQtåHDPČOLE\GRMLVWpPtU\NRUHVSRQGRYDWV KRGQRWDPLþDVXSOQČQt
v tabulce 2.1 v kapitole 2.2.2. 
 
Tab. 3 OSWLPiOQtKRGQRW\GRY]RUFHSURYêSRþHWGRE\SOQČQt [3] 
 
 
Tab. 4 3URFHQWDWXKpIi]H>3] 
=YêãHQt U\FKORVWL YOLYHP ]PHQãHQt SUĤĜH]XQDĜt]QXWt MHPRåQp MHQ GR Wp
PtU\, kdy rychlost v QDĜt]QXWtQHEXGHMHãWČ]SĤVRERYDWHUR]LIRUP\1HMYKRGQČMãt
MHWHG\]YROLWFRQHMQLåãtþDVSOQČQtV RKOHGHPQDRSWLPiOQtU\FKORVWY QDĜt]QXWt 
 
 &KDUDNWHUSURXGČQt 
3ĜLWODNRYpPOLWtVHY\VN\WXMHMHYQD]êYDQêÄGLVSHU]QtSURXGČQt³DWRPL]HG
flRZ -HGQi VH Y SRGVWDWČ R NDSLþN\ NRYX UR]SWêOHQp YH VPČVL Y]GXFKX .RY
SURXGtFt WtPWR ]SĤVREHPGRVDKXMH SĜL GLVSHU]QtPSURXGČQt QHMOHSãtFKSRYUFKĤ
RGOLWNĤ'RVDåHQtGLVSHU]QtKRSURXGČQtMHWHG\FtOHPNDåGpKRMHGQRKRWODNRYpKR
RGOLWNXDPXVtV QtPEêWSRþtWiQRMLåSĜLQDYUKRYiQtNRQVWUXNFHIRUP\ 
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'UXK SURXGČQt ]iOHåt SĜHGHYãtP QD U\FKORVWL NRYX Y QDĜt]QXWt D MHKR
WORXãĢFH3URGRVDåHQtGLVSHU]QtKRSURXGČQtREHFQČSODWt: þtPYČWãt MH WOoXãĢND
QDĜt]QXWt, WtP YČWãtPXVtEêWLU\FKORVWNRYX [9] 
 
-HGQtP ] ~þLQQêFK QiVWURMĤ SUR QDYUKRYiQt YWRNRYêFK VRXVWDY MVRX
WDN]YDQp34 2 GLDJUDP\NWHUpPRKRXSRVN\WQRXWLQIRUPDFHRPRåQRVWHFKVWURMH
SĜL XUþLWêFKSRGPtQNiFKYêURE\XUþXMt REODVWSUDFRYQtFKFKDUDNWHULVWLN IRUP\D
VWURMH SUR PD[LPiOQt Y\XåLWt SRWHQFLiOX VWUoje a kvalitu konstrukce formy 
z KOHGLVNDþDVXSOQČQtU\FKORVWLSOQČQtU\FKORVWLNRYXY QDĜt]QXWt a K\GUDXOLFNêFK
]WUiW [6] 
 
Obr. 15 PĜtNODG342 diagramu [] 
 Teplota formy 
1t]Ni WHSORWD IRUP\ ]SĤVREt SĜHGþDVQê YêVN\t WXKp Ii]H Y NRYX 'YČ
IURQW\ NRYX SDN SĜL QHGRNRQDOpP VSRMHQt Y\WYRĜt YUiVN\ QHER VWXGHQp VSRMH
7HSORWD NRNLO\ E\ SURWR QHPČOD EêW QLåãt QHå  & 0H]L KODYQt SDUDPHWU\
RYOLYĖXMtFtWHSORWXNRYXSDWĜt: [9] 
 
- &KOD]HQtWHPSHUDFH 
- 3RVWĜLNIRUP\SRY\KR]HQtRGOLWNX 
- Doba cyklu 
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&KODGtFt NDQiO\ XYQLWĜ IRUP\ PXVt ]DMLVWLW LGHiOQt WHSORWX IRUP\ )RUPD
QHPiEêWDQLSĜtOLãFKOD]HQiSĜHGþDVQpQDWXKiYiQtIRUP\DY]QLNSRYUFKRYêFK
YDG DQL SĜtOLã WHSOi U\FKOp RSRWĜHEHQt IRUP\9HONê YOLY NURPČYVWXSQt WHSORW\
FKODGtFtKR PpGLD Pi URYQČå U\FKORVW MHKR SURXGČQt FKODGtFtPL WHPSHUDþQtPL
NDQiO\ 
 
3RVWĜLN IRUP\ VH SURYiGtPpGLHP R REVDKX YRG\  9\XåtYi VH ]GH
odvodu tepla z SRYUFKXIRUP\GtN\Y\SDĜRYiQtYRG\3ĜtOLãGORXKiGREDRVWĜLNX, 
YãDNPĤåH mtW ]D QiVOHGHN SĜHKQDQp RFKOD]HQt IRUP\ D XOStYDMtFt YRGDPĤåH
QiVOHGQČ]SĤVRELWEXEOLQDWRVWY odlitku. 
 
.H VOHGRYiQt WHSORW\ IRUP\ Y SUĤEČKX F\NOX PĤåH GREĜH SRVORXåLW
QXPHULFNiVLPXODFH 
 
 
 Teplota kovu 
2EHFQČSODWt: þtPY\ããtWHSORWDNRYXWtPY\ããtNYDOLWDSRYUFKX0D[LPiOQt
PRåQRXWHSORWXNRYXYãDNRYOLYĖXMtMLQpIDNWRU\VHNWHUêPLQHO]HQHSRþtWDW 
9OLYHP Y\VRNp WHSORW\ Y]QLNi YH VOLWLQiFK KOLQtNX YČWãt SRGtO R[LGLFNêFK
YPČVWNĤ GRFKi]t N YČWãtPX RSRWĜHEHQt GXWLQ\ IRUP\ YWRNRYp VRXVWDY\ D
NRPRU\ ]PHQãXMH VHåLYRWQRVWStVWXD WDNp PRåQRVWXKOtGDW VSUiYQp UR]ORåHQt
teplot v SUĤEČKXF\NOXMHRSR]QiQtWČåãt3URWRVHPD[LPiOQtPRåQiWHSORWDSUR
VOLWLQ\KOLQtNXXYiGtY KRGQRWiFKNROHP&[9] 
 
4.1.2 6WXGHQêVSRMlamination) 
'DOãt]MHYQRXSRYUFKRYRXYDGRXRGOLWNXMVRXW]YVWXGHQpVSRMH6WXGHQê
spoj vznikne v GĤVOHGNXQHGRNRQDOpKRVSRMHQtGYRXSURXGĤNRYXNWHUpPRKRX
EêWSRORWXKp SĜtSDGQČ VHQDMHMLFKþHOHY\WYRĜLODYUVWYDR[LGĤ 
 
Obr. 16 6FKpPDY]QLNXVWXGHQpKRVSRje 
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2EUi]HN 16 ukazuje situaci SĜL Qtå proudy kovu 1 a 2 dotekly do 
VOHGRYDQpKRPtVWD D ]DþDO\ VHR VWXGHQČMãt VWČQX IRUP\RFKOD]RYDW 7RPĤåH
WUYDW QČNROLN PLOLVHNXQG 3URXG 3 MH SRVOHGQtm proudem NWHUê GRNRQþt SOQČQt
IRUP\.G\åVHVWĜHWQHV proudy 1 a 2, PDMt W\WR WDNRYpPQRåVWYt WXKpIi]HåH
QHQtPRåQêPH]LQLPLDSURXGHPGRNRQDOêVYDUDY]QLNiVWXGHQêVSRM Tento 
GUXK YDG\ VHQDRGOLWFtFK REMHYt YČWãLQRXSRRWU\VNiQt NG\GRMGH N RGORXSQXWt
WHQNpYUVWYLþN\NRYXQDSRYUFKXYL]REU17). 
 
Obr. 17 3ĜtNODGVWXGHQpKRVSRMH 
'DOãtP]SĤVREHPMDNPĤåHN WpWRYDGČGRMtWMHSĜtOLãYHONi VtODVWURMHSĜL
GRWODNX -HMtP YOLYHPPĤåH GRMtW N PDOpPX SRRWHYĜHQt QHERPtVWQt GHIRUPDFL
V WDNRYpP SĜtSDGČ PĤåH QD SRORzWXKOê SRYUFK RGOLWNX SURQLNQRXW GDOãt NRY D
vytYRĜLWQRYRXYUVWYLþNX, MDN MHYLGČWQDREUi]NX18. Je proto nutnpVtOXGRWODNX
YROLWDGHNYiWQtN WORXãĢce VWČQ\RGOLWNX 
 
Obr. 18 6WXGHQêVSRMY]QLNOêGHIRUPDFtIRUP\ 
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4.1.3 1HGROLWtRGOLWNX 
3ĜL ]NRXãHQt QRYp IRUP\ VH þDVWR Y\VN\WXMtPtVWD NWHUi QHMVRX v odlitku 
SUDYLGHOQČ Y\SOQČQD -VRX WR REY\NOH PtVWD NWHUi MVRX QHMGiOH RG YWRNRYpKR
QDĜt]QXWt 'ĤYRGHP WRKRWR QHGRVWDWNX PĤåH EêW PDOê SUĤĜH] QDĜt]QXWt
QHVSUiYQi SRORKD QDĜt]QXWt YĤþL RGOLWNX PDOê SUĤĜH] YWRNRYpKR NDQiOX PDOê
YVWĜLNRYDFt WODN D PDOi U\FKORVW  5RYQČå Qt]Ni WHSORWD VOLWLQ\ L IRUP\ ]DYLĖXMt
XYHGHQêQHGRVWDWHN7\WRQHGRVWDWN\MHQXWQRRGVWUDĖRYDWMLåSĜL]NRXãHQtQRYp
IRUP\ ~SUDYRX QDĜt]QXWt ]YČWãHQtP SUĤĜH]X YWRNRYpKR NDQiOX ]YČWãHQtP
YVWĜLNRYDFtVtO\DU\FKORVWLSOQČQtSĜHNRQWURORYiQtPWHSORW\IRUP\DVOLWLQ\>0] 
 
Obr. 19 1HGROLWêRGOLWHN 
4.1.4 9]GXãQiDSO\QQiSRUH]LWD%XEOLQ\ 
Porezita MH FKDUDNWHULVWLFNi PDOêPL GXWLQDPL V KODGNêP SRYUFKHP
9]GXãQi D SO\QQi SRUH]LWD Msou WYRĜHQy KODYQČ Y]GXFKHP ] SOQLFt NRPRU\ D
dutiny formy, ale takp ] QDSO\QČQp VOLWLQ\ 3ĜL OLVRYiQt VOLWLQ\ GR IRUP\ QHVWDþt
YãHFKHQ Y]GXFKXQLNQRXW D ]ĤVWiYiSR ]WXKQXWt Y RGOLWNX3OQČQt L MHGQRGXFKp
IRUP\WHNXWêPNRYHPMHYHOPLNRPSOLNRYDQpDSURWRNRQVWUXNFHNDåGpIRUP\SUR
QRYêRGOLWHNY\åDGXMHVYpYODVWQtĜHãHQtYWRNRYpVRXVWDY\RGY]GXãQČQtSĜHWRNĤ
chladiFtKRV\VWpPXDVSUiYQpKR]DIRUPRYiQt [11] 
 
.H]PHQãHQtQHERRGVWUDQČQtSRUH]LW\QDSRPiKiSRVWXSQpSOQČQtIRUP\
kteUp Pi EêW XNRQþHQR Y WČFK PtVWHFK NGH MH PRåQp SURYpVW ~þLQQp
RGY]GXãQČQt 9WRNRYRX VRXVWDYX MH WĜHED ]D~VWLW WDN DE\ QHGRFKi]HOR N
X]DYĜHQtY]GXFKXWHNXWêPNRYHP]DSOĖXMtFtPIRUPX3URYROEXVSUiYQpKR]D~V-
WČQt QDĜt]QXWt D VSUiYQRX SRORKX XPtVWČQt SĜHWRNĤ SĜtSDGQČ YDNXRYDFtFK
NDQiOĤMHYKRGQpY\XåtWVLPXODþQtSURJUDP\. [11] 
 
 
 FSI VUT ',3/2029È35È&( /LVWþ31 
 
 
8 RGOLWNĤ V Y\VRNêPL SRåDGDYN\ QD WČVQRVW MH PRåQp YROLW OLWt GR
YDNXRYDQp IRUP\ V SRXåLWtP YDNXRYDFtKR YHQWLOX. Obri]HN 20 XND]XMH UR]GtO
PH]LNRQYHQþQtP]SĤVREHPOLWtD OLWtm za SRXåLWtYDNXD, kdy je vzduch z dutiny 
IRUP\RGViYiQ 
 
 
Obr. 20 5R]GtOY UR]ORåHQtWODNXSĜLSRXåLWtYDNXD [2] 
0HQãt, DOH QH QHSRGVWDWQê YOLY QD PQRåVWYt SO\QX Y GXWLQČ IRUP\, Pi
URYQČå FKRYiQt KODGLQ\ NRYX v NRPRĜH, ]iYLVOp SĜHGHYãtP QD U\FKORVWL StVWX
3RNXG MH U\FKORVW StVWX Y SUYQt Ii]L PRF PDOi PĤåH GRMtW N uzavĜHQt Y]GXFKX
PH]LþHOHPStVWXDKODGLQRXNRYX 
 
Obr. 21 X]DYĜHQêY]GXFKYOLYHPSRPDOpU\FKORVWLStVWX [12] 
3ĜtOLãYHONiU\FKORVWStVWXY SUYQtIi]LOLVRYiQtPtYizase QDVYČGRPtY]QLN
W]Y IHQRPpQX YtUX Ten Y]QLNi RGGČOHQtP YUãNX YOQ\ NRYX RG KRUQt VWČQ\ 
komory. 
 
Obr. 22 IHQRPpQYtUX[12] 
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5 0RåQRVWLVLPXODFHSOQČQtSUROLWtSRGWODNHP 
1XPHULFNi VLPXODFH VNêWi MHGLQHþQRX PRåQRVW MDN pozorovat OLWt pod 
Y\VRNêPWODNHPYHYãHFKMHKR Ii]tFK3UR]SUDFRYiQtH[SHULPHQWiOQtþiVWLPRMt
SUiFHE\OSRXåLWSURJUDP3UR&$67IUDQFRX]VNpILUP\(6,-Group. Tento program 
MH SĜL ]DGiQt YKRGQêFK SDUDPHWUĤ VFKRSHQ REViKQRXW YH YêSRþWX YãHFKQ\
DVSHNW\OLWtSRGY\VRNêPWODNHP, FRå jsou: 
 
- &\NORYiQt 
- 3RK\EStVWXY NRPRĜH 
- 3OQČQtGXWLQ\IRUP\NRYHP 
- 2GY]GXãQČQt 
- &KODGQXWtRGOLWNX  
- Dotlak 
Program MH ]DORåHQ QD SRSViQt PRGHOX RGOLWNX PHWRGRX )(0 PHWRGD
NRQHþQêFKSUYNĤ± Final Element Method), GtN\NWHUpPĤåHEêWJHRPHWULHRGOLWNX
s MLVWêPLPDOêPL]MHGQRGXãHQtPLYHOPLGREĜHSRSViQD0HWRGDURYQČåGRYROXMH
ORNiOQt ]MHPQČQt VtWČ Y NULWLFNêFK PtVWHFK PRGHOX MDN E\OR SRXåLWR L Y QDãHP
SĜtSDGČ 
5.1 &\NORYiQt 
 =QDORVW UR]ORåHQt WHSORWQtFK SROt Y SUĤEČKX FHOpKR OLFtKR F\NOX MH YHOPL
GĤOHåLWi] KOHGLVNDWHSHOQpKR]DWtåHQtIRUP\VWHMQČMDNRSĜLQDYUKRYiQt~þLQQpKR
V\VWpPX FKODGtFtch QHER WHPSHUDQþQtch NDQiOĤ 9êVWXSHP ] F\NORYiQt MH WDNp
]MLãWČQtSĜHVQpWHSORW\IRUP\QDSRþiWNXF\NOXSro YêSRþet SOQČQtIRUP\ 
 
0RåQRVW NWHUi Y SURJUDPX 3UR&$67 XPRåĖXMH ]DKUQRXW SĜL YêSRþWX
WHSHOQêFK GČMĤ PH]L IRUPRX D RGOLWNHP YãHFKQ\ Ii]H F\NOX VH QD]êYi Ä'LH
&RPER³ 'tN\Qt GRFKi]t Y SUĤEČKX YêSRþWX N YêSRþWX SĜHVWXSX WHSOD MDNPH]L
formou a odlitkem tak i mezi VSUHMHP GČOtFtKR SURVWĜHGNX D formou a URYQČå
Y]GXFKHPYHFKYtOLNG\MHIRUPDSĜLY\KR]HQtRGOLWNXRWHYĜHQD 
 
&\NOXV VH QDVWDYt ]DGiQtP þDVĤ YH NWHUêFK GRFKi]t N RWHYĜHQt IRUP\
Y\KR]HQt RGOLWNX ]DþiWNXD NRQFHSRVWĜLNXD X]DYĜHQt IRUP\ 3ĜtNODG UR]ORåHQt
WHSORWQtKRSROHY SUĤEČKXF\NORYiQtXND]XMHREUi]HN23.  
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Obr. 23 &\NORYiQt 
5.2 3RK\EStVWXY NRPRĜH 
3UYQt Ii]H OLVRYiQt YêUD]QČ RYOLYĖXMH SUĤEČK FHOpKR SURFHVX Y]QLNX
odlitku. Jsme-OL VFKRSQL PRGHORYDW SRK\E StVWX D FKRYiQt NRYX Y NRPRĜH
PĤåHPH V ~VSČFKHP SUHGLNRYDW PQRåVWYt X]DYĜHQpKR Y]GXFKX Y WpWR Ii]L
procesu. =PČQRX JHRPHWULFNêFK SDUDPHWUĤ QHER SURFHQWD ]DSOQČQt NRPRU\ je 
SDN PRåQR ]FHOD HOLPLQRYDW QHSĜt]QLYp VLWXDFH, z QLFKå jednou MH QDSĜtNODG
IHQRPpQYtUX, SRSVDQêY NDSLWROHRSO\QQpSRUH]LWČ 
Simulaci SRK\EX StVWX PĤåHPH Wpå Y\XåtW N SĜHVQpPX XUþHQt rychlosti 
kovu v QDĜt]QXWtNWHUiMHPRåQiQHMGĤOHåLWČMãtPSDUDPHWUHPz SRKOHGXNRQHþQp
SRGRE\WODNRYpKRRGOLWNX 
9ODVWQtU\FKORVWMHPRåQp]DGDWY ]iYLVORVWLQDþDVHQHERQDSROR]H 
 
Obr. 24 3UĤEČKSUYQtIi]HOLVRYiQt 
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5.3 3OQČQtGXWLQ\IRUP\ 
Jednou z QHMYČWãtFKYêKRGVLPXODFHMHPRåQRVWYLGČWGRYQLWĜGXWLQ\IRUP\
v SUĤEČKXFHOpKRSURFHVX OLWt =QDORVWSRK\EXNRYX YH IRUPČQiPSDNXPRåQt
XUþLW NULWLFNi PtVWD NRQVWUXNFH RGOLWNX QD NWHUp E\FKRP E\OL YH VNXWHþQRVWL 
VFKRSQLSĜLMtWDåSRRGOLWtRGOLWNXDQDOH]HQtYDG9 WRPWRSĜtSDGČVHQDYtFYDGD
PĤåHSĜHVXQRXW] PtVWDMHMtKRY]QLNXDWtPWRWRPtVWR]QHPRåQtXUþLW~SOQČ 
 
9êSRþW\QDSRPiKDMtXUþLW VSUiYQRXSR]LFLvtoku a SĜHWRNĤRGY]GXãQČQt
QDYROHQt VSUiYQêFK U\FKORVWt SUR ]DSOĖRYiQt GXWLQ\ IRUP\ D RYČĜHQt VSUiYQRVWL
OLFtWHSORW\NRYX =REUD]HQtYHNWRUĤU\FKORVWLXPRåĖXMHVOHGRYDWPtVWDYHNWHUêFK
GRFKi]tNHY]QLNXQHSĜt]QLYêFKWXUEXOHQFt  
         
 
Obr. 25 YL]XDOL]DFHVLPXODFHSOQČQt 
a) WHSORWQtSROHSĜLSOQČQt 
b) X]DYĜHQêY]GXFK 
c) ]REUD]HQtSURXGXSRPRFtYHNWRUĤ 
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5.4 Dotlak 
7ĜHWt Ii]H OLVRYiQt GROLVRYiQt UHVSHNWLYH GRWODN YêUD]QČ RYOLYĖXMH
PQRåVWYt SRUH]LW\ Y]QLNOp Y odlitku v GĤVOHGNX VPUãĢRYiQt SĜL WXKQXWt
V SURJUDPX 3UR&$67 VWDþt SUR YêSRþHW GRWODNX ]DGDW SĜtVOXãQpPX SDUDPHWUX
þtVOR X]ORYpKR ERGX v JHRPHWULL WDEOHW\ 5R]GtO PH]L YêSRþWHP VH ]DKUQXWêP
GRWODNHPDEH]QČMXND]XMHREUi]HN26. 
 
Obr. 26 =REUD]HQtSRUH]LW\ 
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6 ([SHULPHQWiOQtþiVW 
([SHULPHQWiOQtþiVWVHVNOiGi] DQDOê]\Y]QLNXYDG\ W\SX]DYDOHQLQDQD
SRYUFKX RGOLWNX GUåiNX NODGN\ 9; VWiYDMtFtKR WYDUX (varianta1). Pro eliminaci 
YDG\E\ORQDYUåHQRĜHãHQtYHIRUPČ]PČQ\WYDUXNULWLFNpþiVWLRGOLWNX, respektive 
]YČWãHQt ]DREOHQt SRG GLIX]RUHP (varianta2) $QDOê]D WRKRWR QiYUKX EXGH
]SUDFRYiQD URYQČå -DNR QiVWURM DQDOê]\ VORXåt Y RERX SĜtSDGHFK VLPXODþQt
software ProCAST. 
7 =NRXPDQpYDG\RGOLWNX 
9DG\NWHUpVHSĜLRGOpYiQtRGOLWNXGUåiNXNODGN\REMHYLO\E\O\]DYDOHQLQ\, 
QHGROLWt D VWXGHQp VSRMH QD YQČMãt VWUDQČ GLIX]RUX 9DGD E\OD SĜHGHYãtP
HVWHWLFNpKR QHå IXQNþQtKR Ui]X, DYãDN MDNiNROL YDGD WRKRWR Ui]X ]SĤVREXMH
SRNOHVPHFKDQLFNêFKYODVWQRVWtRGOLWNXY PtVWČYDG\9DGD MH]GRNXPHQWRYiQD
QDREUi]FtFK27 a 28. 
 
Obr. 27 1HGROLWtGLIX]RUX 
 
Obr. 28 =DYDOHQLQDQDYQČMãtVWČQČGLIX]RUX 
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13 =iYČU 
6LPXODFHSOQČQtoGOLWNXVSĤYRGQtPWYDUHPXNi]DODåHSRVOHGQtPPtVWHP
SOQČQt GXWLQ\ IRUP\ je difuzRU 7DNp MH YLGČW Rbr. 45) åH SURXG NRYX Pi SR
REYRGX YČQFH ] NDåGp VWUDQ\ MLQRX WHSORWX L U\FKORVW 1D RGYUiFHQp VWUDQČ
GLIX]RUXVHSDNSRWNiYDMt W\WRGYDSURXG\D WYRĜt ]avaleninu. V RGOLWNXGRFKi]t
z GĤYRGX NRPSOLNRYDQpKR WYDUX URYQČå N X]DYtUiQt YHONpKRPQRåVWYt Y]GXFKX
MDNMHQHMOpSHYLGČWQDRGOLWNXR]QDþHQpPþtVOHPREU49) 
3ĜtþLQRX QHURYQRPČUQpKR SURXGČQt NRYX SR REYRGX YČQFH PRKou EêW
UDGLXV\QDMHKRYQLWĜQtVWUDQČProto byl SĜLQiYUKXYDULDQWQtKRĜHãHQt, ]DSĜLVSČQt
ILUPRX 0RWRU -LNRY 7ODNRYi VOpYiUQD DV, ]RKOHGQČQ WHQWR IDNW D UiGLXV\ E\OL
]YČWãHQ\ 
-DN MH YLGČW QD REUi]NX  SURXG\ QD YQČMãt VWUDQČ GLIX]RUX VH VWpNDMt
RSČW V UR]GtOQêPL U\FKORVWPL 'tN\ ]YČWãHQt UiGLXVĤ MH YãDN NRY SĜL SUĤFKRGX
YČQFHP QD RERX VWUDQiFK R QČFR U\FKOHMãt D IURQW\ VH VWpNDMt RG VSRGX D
SR]YROQČML 'tN\ WRPX QHGRFKi]t N tak YHONpPX YtĜHQt SĜL QiUD]X IURQW NRYX D
]DYDOHQLQDVHQHREMHYt FRå MHSDWUQp] REUi]NĤ 63 a 64 NWHUêXND]XMHRGOLWRX
SUYQtYDULDQWXY SRURYQiQtV druhou. 
 
2EU5R]GtOY rychlostech mezi variantou 1 a 2 
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Obr. 63 Odlitek varianta 1 s SDWUQêPYêVN\WHP]DYDOHQLQ 
 
Obr. 64 Odlitek varianta 2 ± YêVN\WYDG\SRWODþHQ 
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'tN\Y\ããt WHSORWČ OLWtSRXåLWpXGUXKpYDULDQW\RGOLWNXD]ĜHMPČ WDNpGtN\
PHQãtPX YêVN\WX YêUĤ NRYX Y WLãLQiFK PH]L ]YČWãHQêPL UDGLXV\ QHQt PH]L
WHSORWDPL þHORERXVWĜHWiYDMtFtFKVH SURXGĤ WDNRYê UR]GtO MDNRXSUYQt YDULDQW\ 
'tN\ WRPX PĤåH GRMtW NH VSRMHQt obou pURXGĤ D URYQČå N SRWODþHQt YDG\
]DYDOHQLQDQHERVWXGHQêVSRM5R]ORåHQtWHplot u oboXYDULDQWXND]XMHREUi]HN
65.  
 
2EU=PČQDY UR]GtOXWHSORWSURXGĤY PtVWČMHMLFKVWĜHWX 
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8]DYĜHQêY]GXFKYLGLWHOQêY SUYQtYDULDQWČXRGOLWNXE\O]PČQRXUDGLXVĤ
respeNWLYHSURXGČQt, Y\WODþHQNOHGYLQČ. 
 
2EU5R]GtOY X]DYĜHQtY]GXFKXQDNRQFLSOQČQt 
=H ]iYČUĤ MH SDWUQp åH QDYUåHQi ]PČQD QHYHGOD N ~SOQpPX RGVWUDQČQt
SUREOpPXVHVWĜHWiYDMtFtPLVHIURQWDPLNRYXQDYQČMãtVWČQČGLIX]RUX6LWXDFHVH
YãDNRSR]QiQt]OHSãLODFRåSRWYUGLORL]NXãHEQtRGOLWtRGOLWNXYDULDQWD 
K ~SOQpPX RGVWUDQČQt YDG\ E\ E\OR WĜHED ]PČQ\ YWRNRYp VRXVWDY\ a to 
WDNRYp, NWHUi E\ OpSH QDYHGOD SURXG NRYX GR IRUP\. 7R E\ YãDN PXVHOR EêW
SĜHGPČWHP GDOãtKR ]NRXPiQt = KOHGLVND VORåLWRVWL ~SUDY\ IRUP\ E\ VH SDN
MHGQDORR]iNURNdosti komplikovanê DQiNODGQê. 
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